The Compact Linear Collider (CLIC) is an option for a future electron-positron collider operating at centre-of-mass energies from a few hundred GeV up to 3 TeV. The search for phenomena beyond the Standard Model through direct observation of new particles and precision measurements is one of the main motivations for the high-energy stages of CLIC. An overview of physics benchmark studies assuming different new physics scenarios is given in this contribution. These studies are based on full detector simulations. New particles can be discovered in most of the considered scenarios almost up to the kinematic limit ( √ s/2 for pair production). The low background conditions at CLIC provide extended discovery potential compared to hadron colliders, for example in the case of non-coloured TeV-scale SUSY particles. In addition to direct particle searches, BSM models can be probed up to scales of tens of TeV through precision measurements. Examples, including recent results on the reaction e + e − → γγ, are given. Beam polarisation allows to constrain the underlying theory further in many cases.
Introduction
The Compact Linear Collider (CLIC) is a proposed high-energy and high-luminosity e + e − linear collider with a rich physics program and high potential for discovery of new physics. It is planned to be built in three stages with centre-of-mass energy of 380 GeV, 1.5 TeV and 3 TeV [1] . The first energy stage is devoted to precision measurements of Higgs and top properties, while the high-energy stages aim to beyond Standard Model (BSM) and rare Higgs processes. This compelling physics program puts strict requirements on the detector design and technology, resulting in an ambitious R&D program. The detector models used for the following studies are based on the ILD [2] and SiD [3] detector concepts at the International Linear Collider (ILC) [4] adapted for the CLIC beam conditions at 3 TeV. The key elements include an ultra-light vertex detector with excellent b-physics capabilities, highly-granular calorimeters designed for particle flow techniques, and high forward coverage for electromagnetic objects down to 10 mrad [5] .
Except when stated differently, all the following studies are carried out using a full-detector simulation with the main induced background, γγ → hadrons, overlaid. On the other hand, beam polarisation (80% for the electron beam, 0% for the positron beam) is assumed for the analysis only when explicitly stated.
BSM program at CLIC
CLIC offers an exciting possibility to search for new physics beyond the Standard Model. Lepton collisions would thus allow to explore different processes and production mechanisms with respect to hadron colliders, extending and complementing the LHC program.
The BSM program at CLIC is divided into direct and indirect searches. Direct searches for possible new particles production profit from the high centre-of-mass energy available. Indirect searches focus on precision measurements of some SM parameters: the clean environment and the low level of background provided by lepton collisions will allow to improve the precision on many measurements beyond the LHC reach. Deviations from SM predictions would be interpreted as signs of new physics and could probe BSM theories up to tens of TeV, well beyond the spectra of particles that could be directly produced.
Direct searches
Direct searches at CLIC mostly focus on Supersymmetry (SUSY) benchmark models [5, 6] to prove the potential physics reach of the experiment and to demonstrate key aspects of the detector performance. The chosen SUSY models are marked as I, II, III and the respective production cross sections are shown in Figure 1 . The spectra of particles for these models include sleptons, squarks and heavy Higgses, for which the LHC limits are not very stringent. Moreover, given the wide range of mass and spin for the predicted particles, the validity of these studies can be extended from SUSY to any other theory interpretation that predicts particles with the same quantum numbers.
If any new particle is discovered, either at LHC or at CLIC itself, CLIC could provide precise measurements of the properties of such a particle, like mass, couplings and spin. In general, a precision of O(1%) is found on the mass measurement of different sparticles across different channels and SUSY models. The full list of results is reported in Another very interesting search at CLIC is the direct production of Dark Matter (DM). The presence of DM is now well established but very little is known about its nature. The analysis, at CLIC is based on the WIMP paradigm (weakly interacting massive particles) that assumes a weak 1 interaction between DM and SM particles. The most promising channel at CLIC is the mono-γ + p miss T final state. For this analysis the identification of very forward electrons and photons has proven to be essential, therefore studies are ongoing to reduce the associated systematic errors. The expected γγ angular distribution for the SM (blue) and Λ = ± 4 TeV (red) [7] . take the simulation results and apply a proper fitting procedure that takes into account available information. Such an analysis of VBS data would exploit a complete set of observabl In particular, it will be advantageous to resolve the decay products of the vector bosons in individual jets -quarks in the language of the partonic elementary process -and take in account their angular and energy distributions. For illustration of the added value, we ha generated WHIZARD event samples for the complete exclusive process e + e !⌫⌫ + 4j wi all possible Feynman graphs included, summed over neutrino and quark flavors, for the SM a for some nonzero values of the EFT operator coe cient F S,0 , Fig. 10 .
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In this figure, we show the distribution in the polar angle ✓ ⇤ between the final state jets the rest frame of the parent (o↵-shell) vector boson. This cut is applied at Monte Carlo tru level to both jet pairs including all combinatorics. Expanding on this result, to enhance t vector boson scattering signal further above the background, the following cut on the ang ✓ ⇤ could be used (as before: first number applies for 3 TeV and the number in brackets f 1. 
Indirect searches
CLIC is very well suited for precision studies with a rich program covering many different areas. Extensive tests of the SM with improved accuracy will hopefully allow to see new phenomena.
Possible extensions to the QED theory, like finite electron size, extra dimensions and excited electrons, can be tested through the measurement of the ee → γγ cross section and the angular distribution of the γγ system [7] . For example, in the finite electron size theory, the cross section for the process can be written as the Born cross section with an additional term regulated by an energy cut off, Λ, that can then be translated into the actual size of the electron. Figure 2 shows the expected γγ angular distribution for the SM and for Λ = 4 TeV. Beamstrahlung and initial state radiation could distort the angular distribution of the γγ system, therefore, only events where two high energetic photons are back-to-back are selected. The main backgrounds for the analysis are ee → ee and ee → eγ events, making the identification of very forward electrons and photons crucial. The results would improve the last LEP data by about a factor 10: Λ > 6.33 TeV at CLIC compared to Λ > 431 GeV at LEP [8] .
The vector boson scattering process [9] provides a test of the electroweak symmetry breaking mechanism and is sensitive to possible new physics in the Higgs sector. The measurement of anomalous quartic gauge boson couplings (0 in case of SM) or the observation of additional resonances would be clear signs of new physics. For the results presented here, the analysis is performed at generator level with only information on the separation between hadronic W and Z decays taken from full simulation. Figure 3 shows the precision on the measurement of the anomalous couplings, F S0 , F S1 , for different centre-of-mass energy and polarisation scenario. It is evident that increasing the centre-of-mass energy largely improves the sensitivity of the analysis: the gain is of about a factor 10 going from 1 TeV to 3 TeV. Assuming 80% polarisation of the electron beam improves the precision further by about a factor of 1.5. For 3 TeV the final precision on the couplings is ∆F S0,1 ∼ 5 TeV −4 , about 100 times better than the 8 TeV results at the LHC experiments [10, 11] . Therefore, given the great potential of this channel at CLIC, studies are now ongoing using full simulation.
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BSM physics at CLIC Rosa Simoniello kink in the limits originates from the superposition of the di-lepton and di-boson searches we considered which, as already mentioned, is more sensitive to weak and strong g ⇢ , respectively. This is due to the fact that, while the coupling to fermions decreases, the one to (longitudinal) gauge bosons increases like g ⇢ and the di-boson BR rapidly becomes dominant.
The global message which emerges from these pictures is rather simple and expected. An increase of the collider energy improves the mass reach dramatically, and in particular only the 100 TeV FCC can access the multi-TeV region. An increase in luminosity, instead, has a marginal e↵ect on the mass reach but considerably extends the sensitivity in the large g ⇢ (i.e., small rate) direction. In particular we see that the impact of the high luminosity extension of the LHC is considerable given that largish values of the g ⇢ coupling are perfectly plausible in the CH scenario (see the Conclusions for a more detailed discussion).
Let us now turn to the indirect constraints from the measurement of the Higgs coupling to vector bosons. The 1 (68% CL) error on ⇠ (i.e., twice the one on k V ' 1 ⇠/2) obtainable for di↵erent collider options, as extracted from currently available literature, are summarised in table 3.1. Twice those values, which in the assumption of gaussian statistics corresponds to the 95% CL limits on ⇠, are reported in figures 3.2 and 3.3 as black dashed curves, with the excluded region sitting above the lines. In the (m ⇢ , ⇠) plane, the limits simply corresponds to horizontal lines and translate into straight lines with varying inclination in the (m ⇢ , g ⇢ ) plane. In particular, we show the LHC reach with 300 fb 1 and 3 ab 1 , obtained from single Higgs production, corresponding to ⇠ > 0.13 and ⇠ > 0.08 respectively, and the expected reach of the ILC and TLEP at p s = 500 GeV and p s = 350 GeV corresponding to ⇠ > 0.01 and ⇠ > 0.004. Many SM extensions predict additional U (1) gauge symmetries with associated Z gauge bosons. The minimal anomaly-free Z scenario predicts no extra exotic fermions in the particle spectrum and only 3 extra free parameters: the Z mass and two effective couplings, g Y and g BL . Prospects for constraining Z models at CLIC were studied for the ee → µ µ process [12] . The discovery potential and the coupling determination are based on the measurements of three observables: the total cross section for the process, the forward-backward asymmetry and the left-right asymmetry. The first two observables are measured with no beam polarisation, while the third is computed using ±80% polarisation for the electron beam. The results are shown in Figure 4 as a function of the integrated luminosity: limits up to tens of TeV can be set. It is interesting to notice that increasing the centre-of-mass energy would improve the analysis sensitivity more than increasing the integrated luminosity. This is due to the systematic uncertainties becoming dominant over the statistical uncertainty for L > 500 fb −1 . Finally, if a Z is discovered, either at LHC or CLIC itself, CLIC will be able to provide precise measurements of its properties.
Some BSM scenario, like the minimal Composite Higgs, predict corrections to the SM Higgs couplings [13] . CLIC could provide high precision measurements of such couplings [14] : at O(1%) in a model independent evaluation or even at O(0.1%) assuming the same hypotheses as for the LHC analyses. Beyond indirect effects, the minimal Composite Higgs scenario also predicts direct signatures like electroweak (EW) vector resonances. These can be described by a simple model with only two parameters: the resonance mass, m ρ , and the intrinsic coupling between SM fermions and EW gauge bosons, g ρ [13] . Figure 5 shows the complementarity of direct and indirect searches between hadron and lepton colliders. In the (m ρ , g ρ ) plane the modification of the Higgs couplings translates in the exclusion of the area above the dashed lines in the figure. It is evident that a possible future collider like FCC-hh could give direct access to high mass narrow resonances, thanks to the very high centre-of-mass energy, on the other hand these limits are not very stringent for large values of the effective coupling. Instead the precision offered by lepton colliders, and by CLIC in particular, would be able to test the high coupling region.
Conclusion
CLIC is an attractive option for the future of CERN. The clean environment and the low level of background provided by lepton collisions combined with the high centre-of-mass energy gives a great potential for BSM searches: both for direct production and indirect precision measurements. Through a series of physics benchmark studies in full simulation, it has been proven that in many channels CLIC could extend and complement the results from past and current colliders, LEP and LHC. Moreover, if any new particle is discovered at the LHC or CLIC itself, CLIC could provide precision measurements of its properties. More channels and final states are currently under study to fully probe the CLIC potential for BSM physics.
